Identification of place of articulation in the synthesized syllables/bi/,/di/, and/9i/was examined in three groups of listeners: (a) normal hearers, (b) subjects with high-frequency sensorineural hearing loss, and (c) normally hearing subjects listening in noise. Stimuli with an appropriate second formant (F2) transition (moving-F2 stimuli) were compared with stimuli in which F2 was constant (straight-F2 stimuli) to examine the importance of the F2 transition in stop-consonant perception. For straight-F2 stimuli, burst spectrum and F2 frequency were appropriate for the syllable involved. Syllable duration also was a variable, with formant durations of 10, 19, 28, and 44 ms employed. All subjects' identification performance improved as stimulus duration increased. The groups were equivalent in terms of their identification of/di/ and /gi/ syllables, whereas the hearing-impaired and noise-masked normal listeners showed impaired performance for/bi/, particularly for the straight-F2 version. No difference in performance among groups was seen for/di/and/gi/stimuli for moving-F2 and straight-F2 versions. Second-formant frequency discrimination measures suggested that subjects' discrimination abilities were not acute enough to take advantage of the formant transition in the/di/and/9i/stimuli.
The speech perception abilities of hearing-impaired subjects have commonly been examined by organizing and describing consonant recognition performance according to a distinctive feature system (Bilger & Wang, 1976; Danhauer & Lawarre, 1979; Gordon-Salant & Wightman, 1983; Owens, Benedict, & Schubert, 1972; Sher & Owens, 1974; Walden & Montgomery, 1975; Wang, Reed, & Bilger, 1978) . This approach represents an important first step in our understanding of speech perception in the hearing impaired. Interpretation is limited, however, because the data describe the types of errors made but provide little information about the underlying acoustic/perceptual bases for the errors. Another approach to the examination of speech perception in the hearing impaired has been to establish first which acoustic characteristics of phonemes are necessary for phoneme identification, and then to determine which psychoacoustic abilities are related to the perception of such cues (e.g., Buus, Miller, & Scharf, 1983; Dreschler & Plomp, 1985; Turner & Van Tasell, 1984; Tyler, Summerfield, Wood, & Fernandes, 1982) .
In the present study, the perception of place of articulation for stop consonants is examined for two reasons. First, the most common perceptual errors made by the hearing impaired involve place of consonant articulation (Byers, 1973; Owens et al., 1972; Owens & Schubert, 1968; Reed, 1975; Sher & Owens, 1974) . Second, recent studies have defined several of the acoustic characteris-*Currently affiliated with Vanderbilt University. tics important for identification of stop-consonant place of articulation in normally hearing subjects. There is evidence that context-invariant acoustic correlates of stopconsonant place of articulation can be found in the first 20 to 40 ms of a CV syllable (Blumstein & Stevens, 1979; Kewley-Port, 1983 ). Stevens and Blumstein (1978) hypothesized that the auditory system integrates spectral energy at syllable onset to produce a static representation of place of articulation for stop consonants, and that the listener is able to categorize the spectrum generated at syllable onset according to a set of templates for the various places of articulation. Their data suggested, moreover, that dynamic formant-transition information is not necessary for accurate identification of voiced stop consonants. When stop-consonant syllables were manipulated to keep the frequency of the second and thirdformant transitions constant [called straight transition stimuli by Blumstein & Stevens (1980) and Stevens & Blumstein (1978) ], identification performance did not deteriorate substantially (Blumstein & Stevens, 1980) .
In contrast, there are data that support the perceptual importance of time-varying 'acoustic characteristics at syllable onset (Dorman, Studdert-Kennedy, & Raphael, 1977; Hannley & Dorman, 1983; Kewley-Port, 1983; KewleyPort, Pisoni, & Studdert-Kennedy, 1983; Lahiri, GewilMa, & Blumstein, 1984; Walley & Carrell, 1983) . Kewley-Port et al. have proposed that amplitude spectra are updated repeatedly in the auditory system during the course of the first 20 to 40 ms of the syllable and that this dynamic information is important for identification of place of articulation. They found that stop-consonant identification was enhanced for stimuli with dynamic onsets as compared to the static spectral representation of Blumstein and Stevens (1980) . There has been little direct investigation of whether psychoacoustic limitations of persons who are hearing impaired affect their reliance on time-varying or static spectra at stop-consonant onset. Only two studies have used hearing-impaired subjects to examine the effect of syllable duration on stop-consonant recognition (Dubno, Dirks, & Schaefer, 1987; Van Tasell, Hagen, Koblas, & Penner, 1982) . Van Tasell et al. synthesized a five-formant voiced-stop place of articulation continuum and then edited the stimuli to preserve only the first two glottal periods following the release burst. Given substantial practice and a high presentation level (100 dB SPL), normally hearing and mild to moderate hearingimpaired subjects showed at least 80% identification of the exemplars on a/ba-do-oa/continuum. Dubno et al. (1987) examined stop-consonant identification ability in persons who are hearing impaired using syllable durations ranging from 10 ms to 100 ms. For/a/and /u/ environments, subjects with fiat or gradually sloping audiometrie configurations were able to achieve good place categorization (>80%) after listening to only the first 20 ms of the syllable. Subjects with steeply sloping losses demonstrafed significantly poorer performance even for long duration stimuli. Dubno et al. (1987) also examined syllables in the/i/environment. Normally hearing subjects achieved good identification with 20 to 40 ms durations. Hearingimpaired subjects had mean scores in the 40%-60% range even at the longest syllable durations. The Van Tassell et al. (1982) and Dubno et al. (1987) studies suggest that hearingimpaired subjects can, in some vowel environments at least, use cues that are present within the first 20 to 40 ms of stop-consonant syllables, just as do listeners with normal hearing. The stimuli used in each of these studies were not manipulated to remove formant-transition information, so it is not known whether the hearing-impaired subjects relied on the trajectory of the transition (even a substantially h'uneated one) to make place decisions, or if static onset information was sufficient for them to categorize the stimuli.
It is not known whether the frequency discrimination ability of hearing-impaired subjects affects their ability to use dynamic onset information. For steady-state pure-tone stimuli, the difference limen (DL) for frequency is elevated in some hearing-impaired listeners (Butler & Albrite, 1957; DiCarlo, 1962; Freyman & Nelson, 1987; Gengel, 1973; Hall & Wood, 1984; Ross, Huntington, Newby, & Dixon, 1965; Turner & Nelson, 1982) . More importantly, this is also the case for stimuli that have frequency transitions similar to those encountered in speech (Arlinger, Jerlvall, Ahren, & Holmgren, 1977; Collins, 1984; Danaher, Osberger, & Pickett, 1973; Danaher & Pickett, 1975; Grant, 1987; Martin, Pickett, & Colten, 1972; Pickett & Martony, 1970; Tyler, Wood, & Fernandes, 1983; Van Tasell, 1980; Zurek & Formby, 1981) . The ability to discriminate frequency changes may affect which aspects of stop-consonant onset are used by the listener. If, for example, the frequency change (AF) present in the formant transition does not exceed the subject's DL, then stop-consonant syllables with dynamic onsets may provide no more information than syllables without formant transitions. In this case, formant transition information would simply be unavailable to the listener.
The experiments reported here sought to examine the relationship between frequency discrimination ability and perception of acoustic correlates of place of articulation. Frequency discrimination data for normally hearing subjects suggest that the ability to detect a change in stimulus frequency is poorest in stimuli that: (a) are short duration (Chin-An & Chistovich, 1960; Freyman & Nelson, 1987; Gengel, 1973; Hall & Wood, 1984; Henning, 1970; Moore, 1973; Tsumura, Sone, & Nimura, 1973; Turnbull, 1944) ; (b) consist of many frequencies (Flanagan, 1955; Hoekstra & Ritsma, 1977; Mermelstein, 1978; Van Tasell, 1980) ; and (c) have spectra that change with time (Collins, 1984; Mermelstein, 1978; Tyler et al., 1983; Van Tasell, 1980) . These characteristics are typical of stop consonants. The stimuli used to investigate the relationship between stopconsonant perception and frequency discrimination, therefore, should mimic the characteristics of stop consonants as much as possible. With this in mind, frequency discrimination for the second formant (F2) transition was examined here in a syllable context.
The DL for F2 transitions has been measured in hearingimpaired subjects in several studies (Danaher et al., 1973; Danaher & Pickett, 1975; Martin et al., 1972; Van Tasell, 1980) . These data are of limited usefulness in explaining the performance of subjects in the current speech-perception experiments for two reasons. First, the DL for F2 has been examined previously only in two frequency regions. Themfore the data could be used to predict performance for only a few stimuli along a/b-d-g/continuum. Second, all data on forrnant-transition DL in hearing-impaired subjects have been obtained from listeners having moderate to profound flat or slightly sloping hearing loss. This does not address the very common configuration consisting of threshold elevation in the high frequencies, with near normal sensitivity in the lower frequency regions. The hearing-impaired subjects examined here had moderate high-frequency sensorineural hearing loss, therefore the second formant of the stimuli used was within the region of normal threshold. This stimulus configuration is of interest because it has been shown that abnormal frequency resolution can exist in the nomaal threshold region of listeners with high frequency sensorineural hearing loss (Humes, 1983; Turner & Nelson, 1982) .
EXPERIMENT 1
The purpose of Experiment 1 was to clarify which acoustic properties of utterance-initial stop consonants are important in identification of place of articulation by hearing-impaired listeners, and by subjects in whom hearing loss is simulated by the addition of masking noise. This goal was accomplished by manipulating the second formant transition of voiced stops so as to preserve the onset spectrum, but remove the frequency transition, as has been suggested by Stevens and Blumstein (Blumstein & Stevens, 1980; Stevens & Blumstein, 1978) . In A group of masked-normal subjects was included to determine if any perceptual abnormalities observed in the hearing-impaired subjects could be explained purely on the basis of elevated auditory thresholds and reduced dynamic range. That is, if the threshold elevation and altered loudness perception produced by the masking noise caused these normally hearing listeners to perform like the hearing-impaired subjects, then one might assume that there were no additional psychoaeoustic abnormalities, caused by the hearing loss, that were responsible for the errors in perception. 
Method
Subjects and masking procedure. Four hearing-impaired subjects were tested. In the test ear, all had pure-tone air-conduction thresholds of15 dB HL or better (ANSI, 1969) at octave frequencies from 250--2000 Hz, and poorer than 50 dB HL at 3000 Hz and above (see Table 1 ). In an attempt to minimize intersubject variability, subjects were matched in terms of pure-tone configuration and etiology. Subjects differed in their pure-tone thresholds by no more than 15 dB at any frequency, and case history information suggested that the hearing impairment was at least primarily noise-induced in all cases. All subjects were between 30 and 55 years of age and had no experience with amplification.
Eight subjects with normal hearing thresholds (ages 23 to 30 years) also participated. Four of these were presented with high-pass filtered noise throughout the experiments to simulate the audiometric configuration of the hearing-impaired subjects.
Masking noise was provided by a Coulbourn noise generator (Model $81-02) and was high-pass filtered by two cascaded filters (Ithaco 4302) with a cut-offfrequency of 3150 Hz and a combined rejection rate of 48 dB/octave. Overall noise level for the masked-normal condition was 98 dB SPL for 3 of the 4 subjects (M1, M2, and M4), with the level for Subject M3 being 88 dB SPL. Pure-tone testing immediately before and after test sessions revealed that the masking noise was not intense enough to have induced any temporary threshold shift. As is indicated in Table 1 , the simulated losses did not differ from the actual hearing losses by more than 10 dB at any frequency. Typically, they differed by less than 5 dB.
Stimuli. Consonant-vowel syllables were generated using a cascade/parallel synthesis program (Klatt, 1980) and an LSI-11/23 microprocessor. The synthesized syllables were output through a 12-bit D/A converter at a rate of 10 kHz, and low-pass filtered at 4.0 kHz (rejection rate of 48 dB/octave).
A schematic representation of the spectrographic analysis of/bi/is illustrated as an example in Figure 1 . Fundamental frequency rose from 105 Hz to 120 Hz over the first 30 ms of voicing, and was then constant throughout the durations relevant to these experiments. Onset and end-points of the transitions, and all steady-state formant frequency values are listed in Table 2 . The five-formant stimuli had 40-ms formant transitions present for the first and second forrnant (F1, F2) only (shown by the solid, dark lines in Figure 1 ). F2 frequency did not vary linearly across the whole transition duration. Frequency change was more gradual toward the end of the transition. The short duration stimuli were edited from the exemplars of a/bi-di-gi/continuum that had been shown to generate high phoneme categorization in this group of hearing-impaired subjects. The nonlinear transitions were maintained in this experiment to ensure that the stimuli would evoke the best possible identification performance. The first, fourth, and fifth formants were identical in all stimuli. F3 had no transition, but rather was constant at the onset frequency for each place of articulation. F3 was controlled in this way to facilitate comparisons between identification performance for these stimuli and formanttransition discrimination ability measured in Experiment 2. Each stimulus was preceded by a noise burst that varied in duration and spectrum as a function of place of articulation.
Each of the stimuli shown in Figure 1 was digitally edited to provide six different stimulus conditions. Four of these involved the burst plus 1, 2, 3, or 5 glottal pulses corresponding, respectively, to the first 10, 19, 28, and 44 ms of voicing. Because F1 and F2 transitions were present, these stimuli (called moving-F2 stimuli) corresponded to the truncated stimuli with formant transitions used by Blumstein and Stevens (1980) . These stimuli were replicated, except that no F2 transition was included, and were called straight-F2 stimuli. As is shown in Figure 1 (see dashed line), straight-F2 stimuli were exactly like moving-F2 stimuli except that the second formant began at the appropriate onset frequency and was then constant. Note that straight-F2 stimuli did have an F1 transition, but it was the same throughout all stimulus conditions, and identical to that in the moving-F2 stimuli.
Two additional conditions were included besides those shown in Figure 1 . In one, only the burst was retained (called "burst" stimuli). In the other (called "burst + vowel" stimuli), the burst was appended to a 10-ms segment of vowel (F1 = 307 Hz, F2 = 2070 Hz, F3 = 2980 Hz), with a 10-ms portion of F1 transition included to give a stop-like quality. These burst + vowel stimuli were more stop-like than the burst-only stimuli, but did not supply F2 or F3 onset information specific to any place of articulation.
Procedures. Syllable identification was measured in a single-interval, three-alternative forced-choice paradigm. On each trial the subject heard a single syllable and was asked to indicate whether the consonant was/b/,/d/, or/g/. A most comfortable listening level (MCL) was established for the longest duration stimulus, and all others were presented at the same level. MCL varied from 70 dB to 85 dB SPL across subjects. The masked-normal subject listened at the same presentation levels as their matched hearing-impaired subjects.
Stimuli were grouped so that only one duration occurred in a single test run. The order in which conditions were presented was pseudorandom. A randomization was discarded if it allowed presentation of three of the longest duration stimuli consecutively, early in the testing.
Previously, the subjects tested in this experiment had received approximately 15 hours of identification and discrimination experience with full-duration, unmanipufated stimuli from/bo-do-ga/and/bi-di-gi/continua (Ochs, 1983 ). In the current experiment, all subjects received 10 trials per stimulus as practice. This practice differed from that in similar study (Van Tasell et al., 1982) in that subjects received no feedback in the identification tasks.
Performance for the normally hearing subjects was calculated based on 10 trials per stimulus. Preliminary observation with hearing-impaired subjects revealed that they experienced more difficulty in identifying place of articulation; therefore, the number of trials for hearing-impaired and masked-normal subjects was increased to 50 per stimulus to reduce variability in the data. the three groups of subjects. Means and standard deviations for the three groups are presented in A between-gr6ups analysis of the data in Figure 2 revealed marginally significant differences for the moving-F2 /bi/ stimulus only, [F(2, 9) = 3.81, p < .06]. Performance for normally bearing unmasked listeners was most accurate, and performance for masked-normal subjects least accurate. No significant difference between groups was observed for /di/ and /gi/. No significant interactions were observed for the data presented in Figure 2 . Figure 3 displays the performance difference observed for stimuli with moving-F2 versus straight-F2, for all groups of subjects (see Table 3 also). The mean percent correct score for stimuli with straight-F2 was subtracted from that for moving-F2 stimuli and is presented on the ordinate. A positive number, therefore, reveals better performance for moving-F2 versus straight-F2 stimuli. An ANOVA was performed on the arcsine transformed data for each place of articulation to look for between-group differences and differences as a function of duration. A significant main effect for duration was obtained for/bi/ only, [F(3,27) = 4.98, p < .007], due to a beneficial effect of F2 movement for masked-normal and hearing-impaired subjects at the 44-ms duration.
Results and Discussion
In summary, Experiment 1 revealed that as stimulus duration increased, all subject groups showed improved identification performance for moving-F2 stimuli. Identification of these stimuli was basically the same for all groups for the/di/and/9i/stimuli. Note, however, that the mean data in Figure 2 reveal slightly poorer performance for the normally hearing subjects for the longer durations of/gi/. This was due to the very poor identification accuracy for a single normally hearing subject on these conditions. A significant group effect was observed for/bi/stimuli. Normally hearing subjects had the best performance, whereas masked-normal listeners exhibited the poorest performance. In addition, Experiment 1 revealed that overall, the groups do not differ in their performance for moving-F2 versus straight-F2 stimuli. Only at the longest duration of/bi/was performance for moving-F2 stimuli better than that for straight-F2 stimuli for the hearingimpaired and masked-normal listeners. Experiment 2 was undertaken to explore perceptual limitations that may have produced the pattern of results observed here.
EXPERIMENT 2
Experiment 2 examined frequency-discrimination functions for the second formant (F2). It was hypothesized that frequency discrimination ability would limit the extent to which subjects could use second formant transition information to enhance consonant identification.
Method
Subjects. Subjects were the same as those used in Experiment 1.
Stimuli.
To compare the identification performance measured in Experiment i with the data generated in this experiment, difference limen for second formant frequency was examined for stimuli having onset frequencies and formant structures similar to/bi/,/di/, and/gi/. In addition, DL was assessed at stimulus durations roughly corresponding to those used in Experiment 1 (10, 20, 30, 50 ms). Stimuli were generated with the same software and filtering arrangement described previously.
A schematic example of the spectrogram of 50-ms standard and variable stimuli (comparable to/bi/in Experiment 1) is shown in Figure 4 . Stimuli had 5 formants, with F4 and F5 the same throughout the experiment. F3 had no frequency transition, but its steady-state frequency was appropriate for the syllable under study. In all standard and variable stimuli, F1 varied from 276 Hz to 307 Hz over the duration of the stimulus.
F2 transition DL was measured in an adaptive paradigm (Levitt, 1971) . Each syllable and duration condition, therefore, required a series of stimuli with varying degrees of F2 transition (AF). The onset frequency for F2 was appropriate for each consonant involved, but in each series, the AF for F2 ranged from 3 Hz to 400 Hz in 20 logarithmic steps. The step size between AFs thus ranged from 2 to 3 Hz at a small AF, to a maximum of 91 Hz at a AF of 400 Hz. For stimuli comparable to /bi/ and /di/, the most extreme F2 target frequency was 400 Hz higher than onset frequency, whereas for/gi/it was 400 Hz lower. These F2 frequency excursions extended over four different stimulus durations to allow an examination of this variable. Unavoidably, therefore, rate of frequency change was not constant across duration conditions. The maximum difference between the standard stimulus and the variable one occurred at the end of the stimulus because F2 began at the appropriate frequency for that phoneme. This approach was chosen because it is the most accurate simulation of the acoustic properties characterizing the moving-F2 and straight-F2 stimuli in Experiment 1.
Procedures. Stimuli were presented in a four-interval oddity paradigm. This involved presentation of two pairs of stimuli, one of which contained an "odd" stimulus. The odd stimulus was a variable stimulus with some degree olAF present. The other three intervals contained a straight-F2 stimulus with the appropriate F2 onset frequency (see Figure 4) . The odd stimulus could occur in any of the four intervals. F2 DL was determined adaptively converging on the 71% point of the psychometric function (Levitt, 1971) . Stimuli were presented at MCL, with presentation levels ranging from 70 to 80 dB SPL across subjects. The longest stimuli were used to arrive at MCL, and all other stimuli were presented at the same equipment settings. This resulted in an average absolute threshold difference of 4 dB between the shortest and longest stimuli.
Order of presentation of stimulus conditions was random. Data from the first stimulus condition tested were regarded as practice, and the condition was repeated at a later time.
Results and discussion
Mean F2 transition DLs for the three groups of subjects are shown in Figure 5 (see Table 4 for standard deviations). The dark diagonal line overlaying the data in each panel is a schematic representation of the frequency change covered by the F2 transition in each of the moving-F2 stimuli examined in Experiment 1. Recall that F2 transitions were not linear across the whole transition duration in Experiment 1. When data points occur below the diagonal line, this indicates that frequency discrimination was acute enough to detect the presence of the transition. If the data points occur above the diagonal line, then DL for F2 transitions exceeded the ~F present in the stimulus at that duration. Figure 5 reveals that the DL for F2 transition does not differ between the three groups of subjects tested. For /bi/, the ~F present in the F2 transition for stimuli in Experiment 1 is clearly greater than the mean DL for all subject groups. That is, the F2 transition information in the/bi/stimuli from the previous experiment should have been easily available to the listeners. For/di/and/gi/, however, the F2 frequency change present in the Experiment 1 stimuli was not substantially greater than that required for discrimination threshold. In these cases, the DL data suggest that frequency-discrimination ability may have limited the perception of moving-F2 transitions.
GENERAL DISCUSSION
Experiment 1 revealed that for/di/and/gi/stimuli with a moving-F2, these normally hearing, masked-normal, and high-frequency hearing-impaired subjects performed similarly. Performance improved with duration and was close to 100% at the longest durations. Results for the hearing-impaired subjects are better than those observed previously for a similar hearing loss configuration (Dubno et al., 1987) .
For the /bi/ stimuli, identification performance improved with duration, but hearing-impaired subjects showed slightly poorer recognition ability than the nor- FIGURE 5. Mean second formant frequency difference limen for three groups of subjects. The heavy diagonal line schematically represents the extent of frequency change encompassed by the formant transition in the moving-F2 stinmli examined in Experiment 1. Only the transition extent (AF) is shown. The transition was from low to high frequencies for/bi/and/di/, and from high to low frequencies for/gi/. NH = normally hearing unmasked subjects, MN = normally hearing masked subjects, HI = hearing-impaired subjects. In the bottom panel (/9i/), no data were available in the 10-ms condition, due to a synthesis error.
mally hearing subjects, at least at the shorter durations. Masked-normal listeners had even more difficulty. When errors were made,/bi/was confused most often with/di/. This confusion between/bi/and/di/is somewhat surprising because hearing-impaired and masked-normal subjeets had normal pure-tone thresholds through 2000 Hz. would have expected more errors for /gi/, because its second formant has a higher frequency. The data of Dubno et al. (1987) suggest another explanation. These authors report that both /b/ and /d/ are more poorly identified than /g/ in subjects with sloping high-frequency hearing losses, as compared to subjects with fiat losses. They suggest that a sloping hearing loss may cause a more radical distortion of the onset spectrum of/b/and /d/than it does with the more compact onset spectrum of
Another possible explanation for such findings is that psychoacoustic limitations prevented accurate consonant recognition. The difference limen for F2 transition was examined in Experiment 2 to investigate its role in stopconsonant identification. Earlier work suggested that some subjects with high-frequency sensorineural hearing loss have a poorer than normal difference limen for frequency in areas of normal pure-tone thresholds (Turner & Nelson, 1982) . In the present study, frequency DLs were equivalent in hearing-impaired, masked-normal, and normally hearing subjects, therefore it would seem that frequency discrimination ability cannot explain group differences in consonant identification performance.
Experiment 1 revealed that for the subjects examined here, the presence of a moving-F2 did not have a large effect on consonant identification. For short-duration/bi/ stimuli, and all/di/and/gi/stimuli, a moving-F2 produced no better performance than did a straight-F2. Only in the case of a 44-ms /bi/ stimulus did hearing-impaired and masked-normal subjects identify moving-F2 stimuli better than those with a straight-F2. The difference limen data reveal that in the case of/di/and/gi/, there was not enough frequency change in the F2 transition for it to be discriminated reliably from the straight-F2 stimulus. The moving-F2 and straight-F2 stimuli were, in effect, perceptually equivalent, therefore it is not surprising that no performance difference was observed. This was not the case with /bi/, however, because the frequency change encompassed by F2 was greater than the subjects' frequency DL, even at short durations. This meant that the F2 transition was available as a cue for 19-ms, 28-ms, and 44-ms/bi/stimuli. It is interesting to note, however, that masked-normal and hearing-impaired subjects had enhanced identification for moving-F2 stimuli in only the 44-ms condition. At shorter durations, identification was not perfect and both groups could have benefitted from additional cues.
One explanation for the uniform performance observed for moving-F2 and straight-F2 stimuli is that these subjects did not use the formant transition to identify the consonant.
This would be consistent with the view that the information necessary to determine place of articulation for stop consonants is contained in the onset spectrum of the syllable (Blumstein & Stevens, 1979; Blumstein & Stevens, 1980) . These authors have suggested, however, that listeners can use moving-F2 information to maximize performance in difficult listening situations. Given the less than perfect identification scores observed here, one would expect that subjects would have used the formant transition to enhance recognition. It has recently been noted that when twoformant stimuli are presented to normally hearing subjects, identification of place of articulation for stops is high only when transition movement encompasses more than 200 Hz (Ohde, 1988) . Moreover, this study revealed that even when the transition was substantial, the F2 transition was not a sufficient condition for labial and alveolar identification. These studies suggest that the F2 transition is not necessarily helpful in determining place of articulation.
An alternative explanation is that frequency discrimination ability was overestimated in this study, and that actually the formant transitions in identification stimuli were not detected. Although the stimuli used to determine DL were very similar to the identification stimuli, there were some differences. For example, the stimuli used for identification were preceded by a burst, whereas the DL stimuli were not. A more recent investigation suggests that F2 DL is substantially poorer in some subjects when the second formant transition is preceded and followed by acoustic energy (Ochs, 1987) . In addition, it has been shown that frequency discrimination ability is poorer when the standard and variable stimuli both change in frequency (Collins, 1984; Tyler et al., 1983) . In this study, the standard stimuli had only a 31 Hz frequency transition in F1, and all other formants were stationary. This may have allowed better frequency discrimination ability than was possible with the more complex speech stimuli used in Expriment 1. These data point out the importance of using appropriate, complex stimuli for assessment ofpsychoacoustic ability when one attempts to explain speech perceptual errors in hearingimpaired subjects.
